Follow-up studies of eating disorders (EDs) suggest outcomes ranging from recovery to chronic illness or death, but predictors of outcome have not been consistently identified. We tested 5151 single-nucleotide polymorphisms (SNPs) in approximately 350 candidate genes for association with recovery from ED in 1878 women. Initial analyses focused on a strictly defined discovery cohort of women who were over age 25 years, carried a lifetime diagnosis of an ED, and for whom data were available regarding the presence (n ¼ 361 ongoing symptoms in the past year, ie, 'ill') or absence (n ¼ 115 no symptoms in the past year, ie, 'recovered') of ED symptoms. An intronic SNP (rs17536211) in GABRG1 showed the strongest statistical evidence of association (p ¼ 4.63 Â 10
INTRODUCTION
The eating disorders (ED), anorexia nervosa (AN) and bulimia nervosa (BN), are serious and complex psychiatric disorders. AN is characterized by an inability to maintain normal body weight and a relentless pursuit of thinness, whereas BN is characterized by recurrent episodes of binge eating in combination with inappropriate compensatory behavior (American Psychiatric Association, 2000) . It has been shown that transitions between the two syndromes occur in many cases, and thus it has been argued that AN and BN likely share some risk and liability factors (Lilenfeld et al, 1998; Walters and Kendler, 1995) .
Recent studies suggest that premorbid, genetically determined temperament and personality traits contribute to a vulnerability to AN and BN during adolescence in women (Kaye et al, 2009; Lilenfeld et al, 2006) . Once an ED develops, there is evidence that state alterations, which occur secondarily to pathological eating and/or malnutrition, may sustain the illness and perhaps accelerate a worsening of symptoms in some patients. Individuals with EDs, in particular AN, are often resistant to treatment and lack insight regarding the medical consequences of the disorder. Identification of effective treatments that reverse either or both the trait and state symptoms of AN and BN has been difficult. Indeed, there are no proven treatments for AN, and while medication and psychotherapies diminish symptoms in BN, most individuals remain symptomatic Shapiro et al, 2007; Walsh, 1991) . Although conventional treatments may counteract the worsening of symptoms and minimize medical complications, it remains uncertain whether such treatments increase the number of individuals who have a good longterm outcome. Further, little is known about prognostic factors that identify good or poor outcome (Keel and Brown 2010) .
It is well known that individuals with EDs have relatively homogeneous patterns of onset. Specifically, onsets tend to follow a common pattern in that they usually occur in adolescence or young adulthood (ie, typically around the age of puberty), and most cases are women. Now, several reviews (Steinhausen and Weber 2009; Steinhausen 2002) support the contention that course and outcome may also show certain age-dependent patterns. That is, after being ill for 5-10 years, a substantial number of AN (Steinhausen 2002) and BN patients (Keel et al, 1999) show remission of pathological eating and stabilization of weight in their early 20s, although premorbid personality and temperament traits have been shown to persist (Wagner et al, 2006a) . Thus, about half of AN and BN patients show full recovery and perhaps a quarter improve considerably. The remaining quarter, however, have a chronic, protracted course, often despite prolonged and repeated episodes of treatment. Moreover, mortality rates are known to be high. One review estimated the aggregate mortality rate of AN at 0.56% per year, or approximately 5.6% per decade (Sullivan 1995) , and a more recent study (Crow et al, 2009) found that crude mortality rates over 8-25 years were 4.0% for AN, 3.9% for BN, and 5.2% for EDs not otherwise specified (ED-NOS), which is a diagnostic category used when a person has some symptoms of disordered eating, but does not meet full criteria for AN or BN.
The substantial fraction of patients who remain ill, coupled with the high mortality rates associated with these disorders, leads one to ask questions about factors that may influence recovery, including both spontaneous as well as in response to treatment. Do some individuals suffer scars related to malnutrition or other factors during the ill state that interfere with recovery? Or, alternatively, are there predisposing genetic factors that contribute to good vs poor outcome? Given the substantial genetic component in the etiology of EDs in general, it follows that there may be genetic variants that contribute to the likelihood of recovery. Identification of such variants may lead to more personalized treatment protocols that include more effective psychotherapies and/or pharmacological interventions for the most treatment-resistant patients. As such, within the context of a large-scale candidate gene study originally designed to evaluate genes that may have a role in the genetic susceptibility to EDs (Pinheiro et al, 2010) , we tested genetic associations with recovery from EDs as a primary phenotype. Utilizing a tiered design, we initially performed these analyses in a strictly defined discovery cohort of women who were over age 25 years, carried a lifetime diagnosis of AN, BN, or ED-NOS, and for whom data were available regarding the presence or absence of ED symptoms in the past year. We then sought to replicate our findings in a more liberally defined cohort of women age 25 years or younger. Finally, we followed up on findings from these primary association studies with secondary phenomic association analyses with a third independent cohort of women to identify possible mechanisms through which our most strongly associated single-nucleotide polymorphism (SNP) may influence outcome.
MATERIALS AND METHODS

Participant Selection
Participants were selected from among those enrolled in the three multisite, International Price Foundation (PF) Genetic Studies of Eating disorders, which include the Anorexia Nervosa Affected Relative Pair Study, the Bulimia Nervosa Affected Relative Pair Study, and the Anorexia Nervosa Trios Study. Detailed descriptions of each study, including the criteria for inclusion and exclusion, have been published elsewhere (Kaye et al, 2000 (Kaye et al, , 2004b Pinheiro et al, 2010; Reba et al, 2005) . Each study was designed to identify susceptibility loci involved in risk for EDs. All sites received approval from their local Institutional Review Board, and informed consent was obtained from all study participants.
From the three studies above, a total of 2257 individuals were selected for inclusion in the primary candidate gene association study (Pinheiro et al, 2010) . A diagnostic hierarchy was applied for further selection with greater weight (from highest to lowest) placed on inclusion of restricting AN, AN with purging but no binge eating, AN with binge eating with or without purging, a lifetime history of both AN and BN (ANBN), subthreshold AN with no binge eating or purging, purging BN, and subthreshold BN. The individual from each family with the diagnosis that was highest on the hierarchy was selected; these participants, as well as all 677 control women from the AN Trios Study, were selected as the primary samples for inclusion. A secondary set of samples, which was made up of individuals who were related to one individual in the primary sample, was also selected based on the above criteria.
Genomic DNA samples from the individuals identified above were sent to Illumina for genotyping. Of these, we removed 11 due to genotyping failure, 220 who were originally included for quality control (QC) purposes, 27 male participants with AN, and 121 first-degree relatives. No participants were excluded for excessive genotype missingness (all were 40.021). As such, the final sample for this study includes 1878 female participants (1201 cases and 677 controls). Additional details on candidate gene study sample selection and QC procedures are provided elsewhere (Pinheiro et al, 2010) .
Definition of Discovery, Replication, and Follow-Up Cohorts for Outcome Study
Recovery was defined as at least 1 year without any ED symptoms (ie, low weight, dieting, binge eating, or compensatory behaviors). These criteria were assessed in the context of the Structured Clinical Interview for DSM-IV Axis I Disorders (First et al, 1997) . In our initial test of genetic association with ED outcome, we utilized a strictly defined subset of our sample termed the 'discovery cohort'. These were women who were over age 25 years, carried a lifetime diagnosis of either AN, BN, or ED-NOS (ie, subthreshold AN or BN), and for whom data were available regarding the presence (n ¼ 361 endorsed ongoing ED symptoms in the past year and considered 'ill') or absence (n ¼ 115 no ED symptoms in the past year and considered 'recovered') of ED symptoms. Although our definition of recovery in terms of time frame (ie, 1 year without symptoms) is less conservative than what has been used in some previous studies of outcome (Von Holle et al, 2008) , there is evidence that a symptom-free period at an older age (eg, mid-20s) is more likely to represent a true recovery compared with younger ages when relapse is more apt to occur (Keel et al, 1999; Steinhausen, 2002; Wagner et al, 2006b) . Thus, in restricting our discovery cohort to individuals over age 25 years, we felt that our definition of recovery was reasonably conservative.
To follow-up on our initial findings, we identified a more liberally defined 'replication cohort' of women who were classified according to the above criteria, but who were age 25 years or younger (n ¼ 464 ill, n ¼ 107 recovered). Having observed evidence of replication (see Results below), we identified a third independent 'follow-up cohort' (n ¼ 154 ED cases, recovery status was unknown, and n ¼ 677 controls) to conduct secondary phenomic association analysis of the SNP for which we observed the strongest statistical evidence of association with outcome in our discovery and replication cohorts. Table 1 presents descriptive statistics and the breakdown of diagnostic categories represented in each of our three cohorts.
Traits Tested in Phenomic Association Analysis
As described above, we conducted secondary phenomic association of our top SNP. It is known that carefully selected phenotypes are important for optimizing findings regarding genetic effects in psychiatric disorders (Devlin et al, 2002; Grice et al, 2002) . Thus, in terms of selection of phenotypes to test for association, we relied on past work in this area. Specifically, phenotypes have been previously identified for linkage studies in EDs based on the following: evidence of (1) consistent association with eating pathology; (2) heritability; (3) and the extent to which the phenotype reflects trait-like qualities vs state-like qualities that result from the illness (Bulik et al, 2005) . On the basis of these criteria, we chose age at menarche in addition to anxiety and perfectionism. Anxiety was indexed by the Trait Anxiety Scale of the Spielberger State-Trait Anxiety Inventory Form Y (Spielberger et al, 1983) , and perfectionism was measured by the Concern Over Mistakes subscale from The Multidimensional Perfectionism Scale (MPS) (Frost et al, 1990) . We selected this subscale, rather than a total score from the MPS, because it has been previously shown to be uniquely associated with EDs (Bulik et al, 2003) .
Candidate Gene Selection, SNP Selection, and QC Candidate genes were selected by the PF investigators by a consensus process, and this procedure has been described previously (Pinheiro et al, 2010) . Briefly, genes were selected based on their proximity to known ED linkage peaks, previous findings reported in the ED literature, published findings in other related disorders, and based on participation in biological pathways thought to be implicated in AN. This list was then narrowed by selecting genes with evidence of brain gene expression, genes shown to be estrogen responsive in microarray studies, and consensus among PF investigators to match the available genotyping budget. Because the onset of EDs occurs predominately in female subjects near time to puberty, it has been suspected that some vulnerability to female gonadal steroids may occur. It is for this reason that estrogen responsiveness was chosen as a criterion for gene selection (eg, see Versini et al (2010) ).
On the basis of the RefSeq database (Pruitt et al, 2007 ) accessed in March 2007, this approach yielded 182 candidate genes, which were processed using TAMAL version 2.0 (Hemminger et al, 2006) . A full list of these genes is available as supporting material associated with the paper published by Pinheiro et al (2010) . SNPs were selected to tag common variation in Europeans, and selection was enriched to include SNPs in splice sites, exons, highly conserved regions, predicted promoter and regulatory regions, and transcription factor binding and microRNA target sites. A final list of 6568 SNPs was sent to Illumina for genotyping with their Custom Infinium Genotyping Beadchips platform. Although these SNPs received favorable design scores, some SNPs failed genotyping; other SNPs were eliminated based on downstream QC filters, which included minor allele frequency o0.01, X2 Mendel errors, duplicate samples with X2 disagreements, SNP missingness 40.05, differential genotype missingness in cases vs controls at po0.01, and Hardy-Weinberg equilibrium exact at po0.01 in controls. The total number of SNPs to pass these filters was 5151.
In this study, to address issues of population stratification, all association p-values reported are genomic control (GC)-corrected (Devlin and Roeder, 1999) . Further, we observed genomic inflation factors of l ¼ 1.011 for our discovery cohort and l ¼ 1.065 for our replication cohort, both of which are consistent with an acceptably small amount of population stratification.
Statistical Analysis
PLINK version 1.07 (Purcell et al, 2007) was used to conduct all genetic association analyses. The standard contingency table test of association comparing allele frequencies between ill and recovered individuals (ie, cases and controls) was the primary test used. To control for multiple comparisons in the analysis of our discovery cohort, we used a false discovery rate (FDR) approach (Benjamini and Hochberg, 1995; Benjamini et al, 2001 ). In the analysis of our replication cohort, we considered an a-level of po0.05 as evidence for replication. In an attempt to assess the technical validity of the signal from our most strongly associated SNP in our discovery cohort, we closely evaluated the strength of the association of flanking SNPs that showed some degree of linkage disequilibrium (LD) with our top SNP. Haplotype analyses using a 3-SNP sliding window approach were also conducted. Finally, logistic regression was used for additional analyses conditioning on our most strongly associated (or 'top'-ranked) SNP, as well as testing for SNP Â SNP interactions with our top SNP.
Given that this was a large-scale candidate gene study designed based on a priori hypotheses regarding the genes, pathways, and biological systems involved in susceptibility to EDs, we evaluated our top SNP with respect to the networks of genes and pathways in which it participates. Specifically, we conducted new annotation of all of the SNPs in our data set using WGAViewer version 1.26G (Ge et al, 2008) , accessed February 2010. Owing to the ever-evolving nature of human genome annotation, this updated annotation revealed that the 5151 SNPs in our data set mapped to over 350 genes; we note, however, that the coverage of genetic variation on these genes was likely less complete. Our top hit fell within a GABA-A (g-aminobutyric acid-A) subunit receptor gene, and thus we evaluated the extent to which SNPs in GABA genes, overall, were enriched or overrepresented among SNPs associated with ED outcome at po0.05. Specifically, we compared the proportion of associated SNPs in GABA genes to the proportion of associated SNPs in non-GABA genes using a Z-test.
Finally, SPSS 14.0 was used to conduct follow-up phenomic association analysis of our top SNP with three quantitative traits as described above. Association was tested by separate linear regression analyses with the three primary phenotypes of interest each serving as dependent variables. Given that this analysis was performed with a third independent cohort that consisted of ED cases at varying stages in the course of illness, as well as control women, all models included both diagnosis (dummy-coded 0 ¼ control or 1 ¼ ED) and current body mass index (BMI) as covariates. The SNP effect was modeled additively as dosage of the minor allele.
RESULTS
Sample Characteristics
As shown in Table 1 , the majority of ED cases included in the study are individuals with a lifetime diagnosis of either AN or both AN and BN (ANBN). Further, consistent with the literature and as expected, across cohorts, ill individuals show lower current BMI, higher trait anxiety, and higher concern over mistakes. A similar pattern is seen when comparing cases to controls, and control women also show lower age at menarche relative to cases. In addition, the fact that age at interview is higher in the discovery cohort is also to be expected given that this group of individuals was chosen based on their older age (ie, 425 years). Table 2 presents the 25 most statistically significant SNPs from the genetic association analysis of outcome in our discovery cohort. In addition, for each of these SNPs we list the p-value observed in both the replication and combined samples, respectively. As shown, rs17536211, an intronic SNP in GABRG1 on chromosome 4, showed the strongest statistical evidence of association with a GC-corrected p-value of 4.63 Â 10
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, which corresponds to an FDR of 0.021 (Figure 1) . The odds ratio (OR) observed for this SNP is 0.46, suggesting that possession of copies of the minor allele is protective from long-term chronic illness (ie, it is associated with recovery). Figure 2 shows the Q-Q plot for this association in our discovery cohort. No other SNPs showed a significant association by our criteria (ie, FDRo0.05 in the discovery sample, po0.05 in the replication sample). We did, however, note that the second most strongly associated SNP from the analysis of the combined sample was rs4969170, which yielded an FDR ¼ 0.0049 (OR ¼ 0.55) and was located upstream of the gene SOCS3 on chromosome 17.
Association of Flanking SNPs in LD with Rs17536211
Utilizing the pairwise LD assessment function in PLINK, we obtained a measure of LD (ie, R 2 ) for rs17536211 vs all other SNPs in our data set. Supplementary Table 1 shows the 25 SNPs with the highest R 2 values and their corresponding p-value for association with ED outcome in our discovery cohort. In addition, Figure 1 provides a high-resolution Manhattan plot of this region and shows p-values for each genotyped SNP, which are color-coded as a function of R 2 value. As shown, in general, higher R 2 values correspond to lower p-values with respect to association with ED outcome, providing additional support for the validity of the original association with rs17536211.
Haplotype Analyses
Using a 3-SNP sliding window approach, haplotype analyses were conducted in our cohorts. Supplementary Table 2 shows the 25 most statistically significant 3-SNP haplotypes in our discovery cohort, as well as the corresponding p-values for each haplotype from our replication and combined samples, respectively. Of note, we report statistics from the omnibus test of association within a given window or locus. As shown, the top three haplotypes all include rs17536211, our top SNP from the single locus analysis. Results also suggest that rs17536211 alone is more strongly associated with ED outcome than any of the 3-SNP haplotypes we tested.
Conditional and SNP Â Rs17536211 Interaction Analyses
Logistic regression analyses conditioning on rs17536211 did not reveal any other SNPs that were significantly associated with ED outcome. In the context of this analysis, however, the SNP for which we observed the strongest statistical evidence for association in our discovery cohort was rs2856966 (discovery, unadjusted p ¼ 0.00034; combined, unadjusted p ¼ 0.00205), which is a non-synonymous coding SNP in ADCYAP1 on chromosome 18. In addition, Chr ¼ chromosome; MA freq rec ¼ minor allele frequency in the recovered group; MA freq ill ¼ minor allele frequency in the ill group; disc GC p-value ¼ genomic control-corrected p-values generated with the discovery cohort; disc OR ¼ odds ratios generated with the discovery cohort; repl GC p-value ¼ genomic controlcorrected p-values generated with the replication cohort; comb GC p-value ¼ genomic control-corrected p-values generated with the cohorts combined (ie, the raw data from all subjects); comb OR ¼ odds ratios generated with the combined cohort.
logistic regression analyses that included an SNP Â rs17536211 interaction term were also conducted, but similarly, failed to find any SNPs that showed a significant interaction p-value. The SNP for which we observed the strongest statistical evidence for an interaction with rs17536211 in our discovery cohort was rs30297 (discovery, unadjusted interaction p ¼ 2.67 Â 10
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; combined, unadjusted interaction p ¼ 0.011), which is an intergenic SNP near ADRB2 on chromosome 5.
Evaluation of GABA SNPs in the Data Set as a Whole
Our most strongly associated SNP was a GABA receptor SNP, and 10 out of the 25 most strongly associated haplotypes involved SNPs in GABA genes. Therefore, we attempted to more formally evaluate the extent to which GABA SNPs were over-represented among the most strongly associated SNPs from our single locus analyses. The results of this analysis are presented in Table 3 . As shown, 7.4% of GABA receptor SNPs vs only 4.2% of non-GABA SNPs show p-values of o0.05 in analysis of the discovery cohort (Z ¼ 3.64, p ¼ 0.0003). Although this finding does not hold up in the replication cohort alone, we did observe the same pattern, although somewhat attenuated, in the combined sample (Z ¼ 2.07, p ¼ 0.0388), suggesting over-representation of GABA SNPs among SNPs most strongly associated with ED outcome.
Follow-Up Phenomic Association Analyses
In a third independent cohort of women, we conducted phenomic association analyses of rs17536211 with age at menarche, anxiety, and perfectionism (Table 4) . As illustrated, rs17536211 shows a nominally significant association with trait anxiety (p ¼ 0.049). We note that a Bonferroni adjustment to this analysis of three traits, this result would not survive correction; thus, we repeated this analysis for all of the individuals in the data set (ie, all 1878) and found consistent results with this larger sample (rs17536211 associated with trait anxiety at p ¼ 0.036). Further exploration of the direction of the effect also revealed that individuals with two copies of the minor allele showed lower levels of trait anxiety (Figure 3 ) relative to major allele carriers, which is consistent with the observation that this variant exhibits protective effects. Neither perfectionism (ie, Concern Over Mistakes) nor age at menarche was found to be associated with rs17536211.
DISCUSSION
Within the context of a large-scale candidate gene study originally designed to evaluate candidate genes that may have a role in the genetic susceptibility to EDs (Pinheiro et al, 2010) , we tested for genetic association with recovery from EDs leveraging a total sample size of 1878 women. Utilizing a tiered design in which we first performed these analyses in a strictly defined discovery cohort and then in a more liberally defined replication cohort, we identified evidence of association for an intronic SNP (rs17536211) in GABRG1 on chromosome 4. LD patterns and association results for flanking SNPs provided additional support for the validity of this association. Follow-up phenomic association of our top SNP revealed a nominal association with trait anxiety, suggesting a possible mechanism through which this variant may influence ED outcome. Taken together, these findings may provide new insights into mechanisms related to poor outcome, and thus aid in the development of more effective interventions for the most treatment-resistant patients.
Overview of GABA-A Receptors
GABRG1, which codes the g-1-subunit, belongs to the ligand-gated ionic channel family and combines with other subunits to form GABA-A receptors (Michels and Moss, 2007) . GABA is the major inhibitory neurotransmitter in the central nervous system. The inhibitory effect of GABA is mediated either by GABA-A receptors, which are ionotropic GABA-gated chloride channel receptors, or by the metabotropic GABA-B receptors. GABA-A receptors are heteromeric pentamers composed of five subunits that can belong to different subfamilies (Michels and Moss, 2007) . To date, 19 different subunits have been isolated, including a1-6, b1-3, g1-3, d, e, p, r1-3, and y. Of the 19 GABA genes included in our data set, 16 were GABA-A receptor subunit genes (see Table 3 ). Receptors containing the a1-, a2-, a3-, or a5-subunit in combination with any of the b-subunits and the g2-subunits are most prevalent in the brain.
GABRG1 and the c1-Subunit
For rs17536211, an intronic SNP in GABRG1, possession of copies of the minor allele was protective from long-term chronic illness (ie, associated with recovery). Moreover, individuals with two copies of the rs17536211 GABRG1 minor allele showed lower levels of trait anxiety relative to major allele carriers, which is consistent with the possibility that the minor allele variant exhibits protective effects. Consistent with the idea that more extreme, developmentally antecedent anxiety phenotypes may confer risk of greater illness morbidity is evidence that individuals who remain chronically ill have significantly higher levels of anxiety compared with those that recover (Kaye et al, 2004a) , and that childhood anxiety is associated with an illness trajectory marked by an overall greater degree of caloric restriction and ED psychopathology, as well as a lower lifetime BMI (Dellava et al, 2010; Raney et al, 2008) . Although evidence from Kaye et al (2004a, b) did not establish whether increased anxiety in those that are chronically ill is an antecedent or consequence of malnutrition, the studies by Dellava et al (2010) and Raney et al (2008) cited above established the precedence of anxiety onset in relationship to later ED psychopathology, and thus converge with findings in this study that genetic predisposition to more extreme anxiety may predispose some with AN to a more intractable disease. It has been noted (Covault et al, 2008) that the expression of the g1-subunit, in comparison to most GABA-A subunits, is limited to very few brain areas, including the pallidum, septum, bed nucleus of the stria terminalis, and the central and medial amygdaloid nuclei (Akari et al, 1992; Persohn et al, 1992; Pirker et al, 2000; Wisden et al, 1992; Ymer et al, 1990) . The functional influence, if any, of the rs17536211 SNP in human beings remains to be discovered. Still, limited data implicate the g1-subunit in modulation of anxiety. Esmaeili et al (2009) found that GABA-A receptor subunits were differentially distributed in the amygdala using pharmacological profiles generated from in vitro expression studies in HEK293 cells. The basolateral and central amygdala GABA-A receptors contained a2-, b-, and g2-subunit. In contrast, GABA receptors containing g1-subunits were found in the lateral inputs, a region that arises from the intercalated cells masses, and is thought to be responsible for mediating inhibition of amygdala output during extinction of conditioned fear (Likhtik et al, 2008) . Interestingly, there has been speculation that individuals with AN have altered extinction (Petrovich et al, 2009; Strober 2004) , and much evidence shows that brain regions containing the g1 GABA-A subunit are substrates for the regulation of anxiety states and various aspects of appetitive motivation (Berridge, 2009; LeDoux, 2000) , suggesting that exploration of the relationship of clinical phenomena to g1-subunit containing GABA-A receptor function may be worthwhile.
Implication for Treatments of Poor Outcome
AN and BN are deadly disorders, with a lifetime mortality rate of 45%. Those with poor outcome are at the greatest risk. Findings from this study hold the promise of shedding light on new targets for the treatment of those with poor outcome. It is well known that benzodiazepines produce their potent anxiolytic therapeutic actions on GABA-A receptors (Esmaeili et al, 2009; Rudolph and Mohler, 2006) . Interestingly, the GABRG1 gene confers effects on GABA-A receptors that alter the response to benzodiazepines. That is, g1-containing GABA-A receptors show reduced sensitivity to benzodiazepine agents (Covault et al, 2008; Esmaeili et al, 2009; Khom et al, 2006; Ymer et al, 1990) . To our knowledge, there is little in the way of trials of any GABA-related drug in EDs. Our clinical experience is that benzodiazepines are not effective treatments for anxiety in individuals with AN. Whether drugs that interact with g1-containing GABA-A receptors might show improved efficacy in those with poor outcome remains to be discovered.
GABRG1 and Alcoholism
GABRG1 has also been associated with the level of response to alcohol, as well as drinking behaviors (Covault et al, 2008; Enoch et al, 2009; Ray and Hutchinson, 2009 ). These studies suggest that an association signal between alcoholuse disorders (AUDs) and GABRA2 might have arisen from a functional variant in the neighboring GABRG1 gene. Two studies (Covault et al, 2008; Enoch et al, 2009) , each with two populations, showed replication of haplotype and SNP associations with alcoholism in a haplotype block that extends from GABRG1 intron 2 to the intergenic region between GABRG1 and GABRA2. However, the family-based Collaborative Studies on Genetics of Alcoholism data set did not show association of GABRG1 SNPs extending from the 5 0 region to intron 8 (Edenberg et al, 2004) . Of the 31 GABRG1 SNPs previously genotyped for AUDs, eight SNPs were genotyped in this ED study. A comparison of the seven SNPs is common between the Enoch study (Enoch et al, 2009) and our data are given in Table 5 . These SNPs showed comparable minor allele frequency differences between alcoholics vs controls and ED ill vs ED recovered. Still, identification of minor and major allele frequencies between studies can be problematic. Specifically, these studies involve two different populations where a minor allele in one population could be a major allele in the other population and vice versa. Also, owing to potential strand differences between the two studies, precise allelic comparisons can be difficult, and we cannot be entirely certain as to whether the same allele is implicated in ED outcome and alcoholism. Conservatively, although it is not clear whether chronic illness in ED and alcoholism have similar or opposite susceptibility factors, it can be concluded that there is an overlap of implicated SNPs in both studies.
There may be several explanations for this concordance. First, there may be occult population substructure in the GABRG1 gene region, explaining the case-control differences in both alcoholism and EDs. However, this population substructure hypothesis would not address the similar findings in several other GABA genes located in other areas Figure 3 Trait anxiety as a function of diagnosis, recovery status, and rs17536211 genotype. As shown, all study groups with the exception of the ill group show lower trait anxiety among minor allele homozygotes, consistent with the statistically significant association between trait anxiety and rs17536211 genotype. Error bars represent the 95% confidence interval.
of the genome. Second, the GABRG1 SNP allele frequency differences may be attributable to a characteristic that the individuals with alcoholism share with the persistently ill ED probands, such as compulsive behaviors. That is, individuals with alcoholism drink compulsively, whereas ill ED probands engage in persistent, compulsive food refusal and exercise. Third, the GABRG1 SNP allele frequency differences may be attributable to an anxious temperament, a characteristic that is found to a greater degree in persistently ill ED probands (compared with the recovered ED probands) and in individuals with alcoholism compared with controls. Thus, the possibility is raised that the associated allele might reflect a form of anxiety that may be shared by persistently ill ED probands and many individuals with alcoholism. Furthermore, research has shown an association between EDs and substance-use disorders, including alcohol use (Baker et al, 2010) , although AUDs are significantly more prevalent in women with ANBN and BN than in women with AN (Bulik et al, 2004) .
Findings in Other GABA Subunits
GABA SNPs were found to be over-represented among SNPs associated with ED outcome in the data set as a whole. This suggests that a complex genetic pattern of GABAergic transmission may predispose to a chronic course of ED illness, but this finding must be confirmed in independent cohorts. Before such confirmation is reported, it is prematurely speculative to consider a more detailed hypothesis.
Limitations
This study has several strengths, including a relatively large total sample size, detailed and in-depth phenotypic characterization of participants, selection of high probability candidate genes and coding SNPs, and application of conservative QC procedures and widely accepted multiple test correction procedures. We do, however, note some limitations, including smaller samples of individuals in the ED 'recovery' groups, retrospective data collection susceptible to various recall biases, and perhaps a less stringent definition of recovery in terms of timeframe (ie, no ED symptoms within the past year) than has been used in some previous studies of outcome (Von Holle et al, 2008) . In addition, the relatively low recovery rates observed in this study (ie, much o50%) raises the possibility that our cases, ascertained for a genetic study, differ from clinical or community samples in terms of ED pathology, co-morbidity, and course of illness. Further, we have assumed a single recovery event, and also do not account for women who may have died from an ED. We also note that although this was a candidate gene study, if genome-wide statistical significance criteria were applied to the interpretation of results (eg, po5 Â 10 À7 ), our top hit would not have reached statistical significance. Education in Genetics. The remaining authors, CS Bloss, C Johnson, DB Woodside, S Crawford, H Brandt, A Kaplan, M Strober, P Magistretti, K Halmi, E Marzola, K Klump, J Treasure, M Fichter, J Mitchell, P Keep, W Berrettini, V Duvvuri, and NJ Schork declare that, except for income received from our primary employers and the abovementioned funding, no further financial support or compensation has been received from any individual or corporate entity over the past 3 years for research or professional service and there are no personal financial holdings that could be perceived as constituting a potential conflict of interest.
